I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Asthma is one of the most common chronic illnesses among children, affecting over six million children globally.[@ref1] Children with asthma, similar to children with other chronic illnesses, are at the intersection of the health and education systems, and are expected to compete with nonasthmatic counterparts in the same classroom under the same learning conditions.[@ref2] At school, their health needs may be attended to by a school nurse, whereas their educational needs may be overlooked or underestimated.[@ref3]

The restriction from normal activities due to recurring, episodic attacks in children with asthma can impact significantly on the quality of life and increase the burden due to asthma.[@ref4] Frequent attacks in children with poor asthma control can affect their academic performance.[@ref5][@ref6]

Intelligence, measured as the intelligence quotient (IQ), is one of the important prognostic variables in the academic performance of a child,[@ref7] and many factors including chronic diseases may impact upon it.[@ref8][@ref9] IQ scores, as has been suggested, may be an appropriate guide in the proper placement of schoolchildren at the beginning of their education.[@ref10] Children with borderline intelligence (IQ 68--83) or mental subnormality, irrespective of the etiology, are known to present with poor school performance.[@ref11] Studies on children with sickle cell anemia (SCA) have reported a significant correlation between IQ and academic performance.[@ref12][@ref13] Chodorkoff and Whitten [@ref12] in their study among children with SCA found a significant correlation between IQ and school grade-level placement. Swift *et al*. also reported academic achievement to be commensurate with the measured intellectual ability in children with SCA.[@ref13]

Most of the studies [@ref14][@ref15][@ref16] on academic performance of children with asthma have been in developed countries and despite the high prevalence of asthma among Nigerian schoolchildren,[@ref17][@ref18] only a few studies have investigated the relationship between IQ score and academic performance of children with asthma compared with those without. Ghaffari *et al*.[@ref8] in a comparative study of the overall IQ scores of asthmatics and healthy children found that there were no significant differences in the overall scores and in the scores of males and females. Similar findings were also reported by Daramola *et al*.[@ref9] among children with asthma. However, a study among primary school-aged children with SCA [@ref19] did not reveal any significant difference in the intelligence scores between children with SCA and their normal controls.

This study was, therefore, carried out to find out the relationship between academic performance and IQ of children with asthma and compare with that of children without asthma. The results are expected to contribute to the development of school health programs for children with asthma in Nigeria.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Ethics {#sec2-1}
------

Ethical approval was obtained from the Health Research Ethics Committee of University of Nigeria Teaching Hospital (UNTH), Ituku/Ozalla, and the ethical approval was obtained on May 21, 2012, with the approved protocol number NHREC/05/01/2008B. Written informed consent was obtained from caregivers of all participants. This work was done in keeping with the Helsinki declaration of 1975, as revised in 2000.

Study design {#sec2-2}
------------

This was a descriptive, cross-sectional, hospital- and school-based study.

Study area {#sec2-3}
----------

The study was carried out in Enugu, the capital of Enugu State in Nigeria, West Africa. Children with asthma and nonasthmatic controls were children resident within Enugu metropolis.

Study site {#sec2-4}
----------

The UNTH, Ituku/Ozalla, Enugu State, and the primary schools in Enugu metropolis were the sites for the study. The UNTH offers primary, secondary, and, importantly, tertiary health-care services to persons of all social classes and is the referral center for the populations of South-East Nigeria.

Study population {#sec2-5}
----------------

The study population comprised schoolchildren with asthma (patients) living in Enugu metropolis, whereas the control population (children without asthma) were their healthy classmates. The choice of classmates as controls was informed by the need to remove school-related bias and to control for class grade as suggested by Richard and Burlew.[@ref20]

Sample size {#sec2-6}
-----------

The minimum sample size for the study was determined using the formula for sample size calculation when the study population is \>10,000: ![](NMJ-60-1-g001.jpg)

Where *n* = Sample size

*z* = *z* score at 95% confidence limit (1.96)

p = Estimated prevalence when prevalence of poor academic performance in children with asthma is not known = 0.50

*q* = 1.0 − p = 0.5

*d* = degree of accuracy at 95% confidence limit (0.05)

![](NMJ-60-1-g002.jpg)

and when the study population is \<10,000, ![](NMJ-60-1-g003.jpg)

where nf = Final sample size

*n* = Sample size when the study population is \>10,000

*N* = Study population size (number of school-aged asthmatics attending the asthma clinic) =148

![](NMJ-60-1-g004.jpg)

Sample size allowing for 10% attrition = 120

The total number of children with a diagnosis of asthma enrolled into the study was 120. Their age-, sex-, and social class-matched controls were also 120. The total number of study participants was therefore 240.

Inclusion criteria {#sec2-7}
------------------

Children aged 5--11 years, attending primary school in Enugu metropolisChildren diagnosed with asthma [@ref21][@ref22]Attendance in the same school for at least one session before the study enrollmentAttendance at the asthma clinic for at least 12 monthsConsent for the study given by caregiver.

Exclusion criteria {#sec2-8}
------------------

Out-of-school childrenAge \<5 years or more than 11 yearsChildren with other chronic diseases such as sickle cell disease, diabetes mellitus, tuberculosis, congenital heart diseases, or with a history of neurologic illness such as seizure disorders and cerebral palsyChildren attending school outside Enugu metropolisAttendance of the present primary school for less than one session before enrollmentRefusal of consent by caregiverAsthmatic children with incomplete data because some of the information were obtained from the case notes.

Control group {#sec2-9}
-------------

The child next to the asthma patient in the class register was selected as control if he/she met the following criteria:

Of same sex, age within 6 months, and socioeconomic class similar to that of the child with asthmaHas been in the same primary school and class as the asthmatic child for at least one session before the study enrollmentDoes not have any of the exclusion criteria as listed for the children.

If the next child to the asthmatic in the class register did not meet the criteria, the most suitable child without asthma down the register who meets the criteria was chosen as control.

Selection and evaluation of the subjects {#sec2-10}
----------------------------------------

The study was carried out in two phases. First, the children were enrolled from the clinic, whereas their controls were enrolled from the corresponding schools. Children with asthma and controls were matched for age, sex, and socioeconomic class.

### At the asthma clinic {#sec3-1}

On presentation to the clinic, the caregiver and the child with asthma were informed of the study, and written informed consent was obtained from the caregiver. Before enrollment, in order to ascertain eligibility, the asthmatic child\'s sociodemographic data were obtained and the child was subsequently assessed clinically for chronic and debilitating medical conditions such as heart disease, seizure disorders, and cerebral palsy that are known to affect academic performance independently.[@ref23] The information obtained was recorded in the questionnaire.

Children who met the inclusion criteria were enrolled consecutively till the sample size was reached, while those excluded were scheduled for consultation. The socioeconomic status of the children was determined using the method described by Oyedeji.[@ref24] This was determined using the occupation and educational attainment of the caregiver to obtain the socioeconomic class. The socioeconomic class was obtained by finding the mean score for the parents\' educational attainment and occupation rounded off to the nearest whole number. Where any of the parents were dead, the social class of the child was assessed using that of the living parent. Socioeconomic Class I represents the highest socioeconomic class and Class V the lowest.

The level of asthma control was ascertained using the Childhood Asthma Control Test (C-ACT™).[@ref25] The C-ACT tool for children aged 4--11 years is made up of seven questions with a total score of 27 as the highest score obtainable. Each child, as much as possible, was allowed to answer the first four questions unaided while the caregiver answered the remaining three. A score of 19 and below signified poor control, whereas scores above 19 indicate good control.[@ref26][@ref27]

The participants were then given a sheet of paper and pencil and left alone with as much time as they needed with the instruction to draw a person.[@ref28][@ref29] IQ was assessed using the Draw-A-Person Test (DAPT).[@ref28] The IQ of the participants was calculated using the validated Ziler criteria and the table of Draw-A-Person-Quotient (DAPQ) by Ebigbo and Izuora.[@ref28] The total number of points scored is the Draw-A-Person Point (DAPP). DAPQ = Draw-A-Person--Aggregate (DAPA)/chronologic age, where DAPA = DAPP + 3/4. The DAPQ score obtained was compared with the expected DAPQ score for age and sex using the table for average DAPQ scores by Ebigbo and Izuora. A score of \<75% for sex and age was regarded as mental dullness or backwardness.[@ref28]

Children with asthma were subsequently reviewed, complaints were attended to, and a future clinic appointment was given. However, children with acute exacerbation of asthma were first managed in the Children Emergency Room of UNTH before evaluation for the study. Children whose caregiver refused to give consent for participation in the study were exempted from being part of the study, but were given due attention in the clinic.

### In the schools {#sec3-2}

The clearance letter from the Ministry of Education was used to obtain permission for the study at the various schools. At the school/class of each enrolled asthmatic child, the head/class teacher was informed of the study in order to access the child with asthma and to enroll the child without asthma. In addition, the need to obtain the information with regard to the children\'s school performance was explained.

With the help of the class teacher, the nonasthmatic child, next to the child with asthma in the class register, who was of the same age and sex as the child with asthma was selected. The child was then informed of the study and given the consent form for the caregiver to fill. The consent form was retrieved on a subsequent visit to the school. The nonasthmatic child whose caregiver gave consent was then interviewed for eligibility for the study, and the socioeconomic status was determined as described for the children with asthma. The selected control was then enrolled and the questionnaire was administered.

The control was also given a sheet of paper and pencil and left alone with as much time as needed with the instruction to draw a person and was scored using the validated Ziler criteria by Ebigbo and Izuora. The DAPQ was also ascertained just as was done for the children with asthma.

With the help of the class teacher, using the pupils\' academic records, information on class position, overall score, and scores in key subjects (Mathematics, English, Social Studies, and Science) for the children with asthma and controls was obtained and recorded. The average overall percentage score for each child in the three terminal examinations in the 2012/2013 academic year was documented and was used as an index of the general/overall academic performance.[@ref30][@ref31] The average of the three scores from the three academic terms for each child in four selected key subjects was used as the index of specific academic performance.[@ref30][@ref31] Children who scored \<50% overall or in a specific academic skill were considered as having poor academic performance overall or with respect to that specific academic skill/key subject, whereas scores ≥50% (average 50%--74% and high scores ≥75%) were considered good academic performance.[@ref29][@ref30] Good academic performance was further classified into average scores (50%--74%) and high scores (≥75%).[@ref30][@ref31]

From the class attendance register, each child\'s total number of days of absence from school for the entire academic year was obtained. School absence was classified as described by Weitzman *et al*.[@ref32] Information not properly filled or missing on the questionnaire was requested for directly from the caregiver through personal and/or phone contacts.

Statistical analysis {#sec2-11}
--------------------

Information obtained from the participants was recorded in the questionnaire and subsequently transferred to the data editor of Statistical Package for the Social Sciences (SPSS) software for Windows^®^ version 19.0 (IBM Inc., Chicago, IL, USA, 2011) for analysis. Descriptive statistics such as mean ± standard deviation (SD) and median were obtained for continuous variables, whereas categorical variables were summarized using frequencies and percentages. The comparison of the means of IQ which were normally distributed was done using Student\'s *t*-test and ANOVA, whereas academic performance that was not normally distributed was compared using the Mann--Whitney U-test. The significance of the association between categorical variables was determined using Chi-square test. Tests of relationships were also done using Pearson\'s and Spearman\'s rho correlation. All the tests were taken as statistically significant at *P* \< 0.05. Results are presented in tables, figures, and prose.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

A total of 81 (67.5%) males and 39 (32.5%) females (male: female ratio 2.1:1) were in each group (study group and control). The age range was 5--11 years, and the overall mean age ± SD was 8.20 ± 1.92 years. Sixty-nine (57.5%) of the 120 children with asthma and controls were in early primary school age (5--8 years), whereas 51 (42.5%) were in late primary school age (9--11 years). Out of the 69 children with asthma and controls in early school age, 45 (65.2%) were male and 24 (34.8%) were female, whereas 36 (70.6%) of the 51 children with asthma and controls in late school age were male and 15 (29.4%) were female (χ^2^ = 0.39; *P* \< 0.535). The mean age ± SD for males and females was 8.07 ± 1.73 and 8.47 ± 2.26 years, respectively (t = 1.47, *P* = 0.143). Thirty (25%) of the children with asthma were from socioeconomic Class I and sixty (50%) from socioeconomic Class II, whereas only 12 (10%) were from socioeconomic Class III and 18 (15%) from Class IV. No child with asthma or control studied was from socioeconomic Class V. Thirty out of the 120 children with asthma (25%) had poor asthma control, whereas 90 (75%) had good asthma control.

Of the 120 children with asthma studied, 6 had poor academic performance, whereas 114 had good academic performance (48 average performance and 66 had high performance). None of the 120 controls had poor academic performance (51 had average performance and 69 had high performance). However, the median (range) overall academic scores for the children with asthma and controls were 79.04% (36.08%--99.57%) and 80.01% (50.65%--97.47%), respectively. The difference was also not statistically significant (*U* = 6804, *P* = 0.461). There was also no statistically significant difference between children with asthma and controls in selected key subjects \[[Table 1](#T1){ref-type="table"}\].

###### 

Comparison of median overall and specific subject scores of children with asthma and controls

  Subjects         Median (mean rank)   Mann-Whitney U   *P*       
  ---------------- -------------------- ---------------- --------- -------
  Overall score    79.04 (123.80)       80.01 (117.20)   6804.00   0.461
  Mathematics      78.67 (125.23)       71.00 (115.78)   6633.00   0.292
  English          78.67 (113.90)       83.17 (127.10)   6408.00   0.141
  Social Studies   83.00 (129.24)       82.17 (111.76)   6151.50   0.051
  Science          79.34 (121.55)       81.33 (119.45)   7074.00   0.815

There were statistically significant differences in the median overall academic scores at ages 7 (*P* = 0.045), 9 (*P* = 0.015), and 11 (*P* = 0.009) years. The differences at 6 and 10 years approached statistical significance. The median score of children with asthma was higher than that of controls at 6, 7, and 9 years and lower at 10 and 11 years. There was a statistically significant weak negative correlation (Pearson) between age and median overall scores in children with asthma (*r* = −0.467, *P* \< 0.001) but not for controls (*r* = −0.146, *P* = 0.112) \[[Table 2](#T2){ref-type="table"}\].

###### 

Age-specific comparison of median overall scores between children with asthma and controls

  Age (years)   Median (mean rank)   Mann-Whitney U-test   *P*      
  ------------- -------------------- --------------------- -------- -------
  5             80.63 (18.50)        82.34 (18.50)         162.00   1.000
  6             99.10 (5.00)         91.49 (2.00)          0.00     0.050
  7             87.68 (22.00)        82.38 (15.00)         99.00    0.045
  8             84.35 (31.70)        86.39 (29.30)         414.00   0.594
  9             72.54 (29.38)        59.88 (19.63)         171.00   0.015
  10            91.47 (2.00)         97.47 (5.00)          0.00     0.050
  11            65.00 (19.25)        71.83 (29.75)         162.00   0.009

There was no significant difference in the median (range) overall academic score for children with poor asthma control compared to those with good control (*U* = 1235, *P* = 0.486).

All the children with asthma and controls had normal IQ (≥75% of expected for age and sex). The mean DAPQ scores for children with asthma and controls were 123.28 ± 21.45 and 118.41 ± 19.87, respectively. The difference was not statistically significant (t = 1.83; *P* = 0.069). However, female children with asthma had significantly higher mean DAPQ scores compared to controls (t = 3.521; *P* = 0.001) \[[Table 3](#T3){ref-type="table"}\].

###### 

Mean±standard deviation of overall and gender-related Draw-A-Person-Quotient scores of children with asthma and controls

  Status    DAPQ scores, mean±SD   *t*            *P*     
  --------- ---------------------- -------------- ------- -------
  Overall   123.28±21.45           118.41±19.87   1.826   0.069
  Males     119.18±21.24           119.33±20.37   0.047   0.963
  Females   131.80±19.52           116.49±18.89   3.521   0.001
  *t*       3.128                  0.734                  
  *P*       0.002                  0.464                  

DAPQ -- Draw-A-Person-Quotient; SD -- Standard deviation

There are increased cluster of points in an upward manner from left to right indicating a statistically significant correlation between academic performance and DAPQ in both children with asthma (*r* = 0.213, *P* = 0.020) and controls (*r* = 0.318, *P* \< 0.001) \[[Figure 1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\].

![(a) A scatter diagram showing the relationship between intelligence quotient and academic performance among children with asthma. (b) A scatter diagram showing the relationship between intelligence quotient and academic performance among controls](NMJ-60-1-g005){#F1}

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

In this study, the intelligence scores and the overall academic performance (overall and in specific subjects) of children with asthma were comparable with that of age-, sex-, and socioeconomic class-matched controls.

The finding of a male preponderance among children with asthma is consistent with the reports from previous studies [@ref18][@ref33][@ref34] which noted that males are more affected by asthma before puberty. The reason suggested was the smaller lung size in males in childhood which, however, becomes larger in adulthood.[@ref33] The male preponderance may also reflect preferential treatment, even in health matters, given to male children in our environment.[@ref35] Children with asthma in this study were recruited from the hospital.

Majority of the children with asthma belonged to socioeconomic Classes I and II, and none of the children with asthma were in socioeconomic Class V. This is in keeping with earlier reports [@ref4][@ref36] that noted asthma to be one of the few diseases that are more common in the higher socioeconomic classes. The reason could be due to lifestyle encounters such as early use of formula feeds, canned foods with additives, and other social factors that are more common among people of higher socioeconomic class compared to those in the lower socioeconomic classes and can predispose to airway hypersensitivity. It could also indicate that more parents in the socioeconomic Classes I and II, compared to those in the socioeconomic Classes III and IV, avail themselves of the specialized services offered by the teaching hospital.[@ref35]

Although all the six participants with poor academic performance were children with asthma (study group), the overall academic performance of those in the study group did not differ from those of controls. This corroborates the findings of earlier studies.[@ref37][@ref38][@ref39] This could be because majority of the children with asthma in this study had good asthma control which may have masked the effect of asthma on academic performance. However, Fowler *et al*.[@ref40] working in the USA reported a greater likelihood of poor academic performance among children with asthma compared with healthy children. This was an epidemiological survey on children using the grade system of education which did not exclude other chronic conditions known to affect academic performance. In contrast to the study by Fowler *et al*.,[@ref40] this study excluded children with chronic diseases such as SCA, epilepsy, and cerebral palsy that are known to affect the academic performance of children. Other confounding variables such as socioeconomic class were also accounted for. Furthermore, in contrast to this study, the level of asthma control was not considered in the study by Fowler *et al*.

Studies [@ref30][@ref35] on academic performance of children with other chronic diseases such as SCA and epilepsy done in the same study environment using similar study design as used in this study, found that the overall academic performance of these children was not significantly different from those of their normal classmates. The reason for this finding could be the similarity in the IQ of the study and control groups in these studies. In addition, these studies,[@ref30][@ref35] similar to this study, are hospital based involving children who are accessing specialized care in the hospital, and this could have masked the effect of the disease on their academic performance compared to their healthy controls.

There was also no difference in academic performance between children with asthma and controls with regard to selected specific subjects. This is in agreement with the work by Gutstadt *et al*.[@ref38] and is also similar to the report from studies on other chronic diseases such as SCA and epilepsy.[@ref11][@ref31][@ref32] However, this finding is at variance with that of Krenitsky-Korn [@ref15] who reported that children with asthma scored significantly lower in Mathematics when compared with children without asthma. While Krenitsky-Korn\'s work was based on interviewer-reported responses on performance in Mathematics only, this study more objectively obtained and used the scores of the children in Mathematics as well as in three additional key subjects (English, Science, and Social Studies) over an academic year.

With respect to gender, differences were noted between children with asthma and controls in overall academic performance and performance in selected key subjects. The academic performance of male children with asthma was significantly higher overall as well as in Mathematics and Social Studies when compared to male controls. This differs from the report by Krenitsky-Korn [@ref15] and Gutstadt *et al*.[@ref38] In addition, female children with asthma performed poorer than their female controls in English. The reason for these differences in gender and overall performance as well as performance in specific subjects between male and female children with asthma and controls is unclear. The better academic performance noticed among male asthmatics compared to male controls could be because these male asthmatics, due to reduced activity as a result of asthma attacks, channel their time and energy to reading and other academic activities. Furthermore, the high proportion of children with good asthma control could have masked the effect of asthma on the academic performance of these male controls. The significantly higher proportion of males compared to females in the study population may also have influenced these findings.

All the children in this study had IQs within the normal range for age and sex, and there was no significant difference in IQ between children with asthma and controls. This is consistent with the findings of Daramola *et al*.[@ref9] at Ibadan, Nigeria, as well as with those of Ghaffari *et al*.[@ref8] in Iran. While this study used the DAPT to assess IQ, Ghaffari *et al*.[@ref8] used Wechsler\'s Intelligence Scale for Children (WISC), and Daramola *et al*.[@ref9] in Ibadan, Nigeria, used Standard Progressive Matrices. The similarity in the findings from the studies by Ghaffari *et al*. and Daramola *et al*. with that of this study despite the use of different IQ assessment tools and having been done in three different areas aligns with a report of high correlation between DAPT and other IQ assessment tests.[@ref38]

Although female children with asthma had a significantly higher IQ compared to female controls, this appeared not to reflect on their academic performance overall and in specific subjects except in English where the controls had a significantly higher median score compared to children with asthma. This was rather an opposite of what is reflected in their IQ. This reason for this isolated finding is unclear, but this could suggest that, besides IQ, there could be other important factors outside the scope of this study that influence academic performance.

IQ had a linear relationship with academic performance in both children with asthma and controls. This is consistent with the observations by Ghaffari *et al*.[@ref8] and Daramola *et al*.[@ref9] A number of other related studies have shown a positive correlation between IQ and academic performance.[@ref7][@ref11][@ref12][@ref13] This finding in this study, therefore, supports the idea that IQ scores serve as appropriate guide in the proper placement of schoolchildren at the beginning of their education.[@ref10]

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

The IQ and overall academic performance of primary children with asthma do not significantly differ from those of normal children in the same setting, though there is a comparatively higher prevalence of poor academic performance in children with asthma.

Recommendation {#sec2-12}
--------------

Children with asthma who have normal IQ do not need special schools as they can compete favorably well academically in regular schools with their nonasthmatic peers.
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